Cellular aging-dependent decrease in cholesterol in membrane microdomains of human diploid fibroblasts.
Recently it has been shown that cholesterol plays indispensable roles in the function of cholesterol-rich microdomains (rafts), such as in ligand-mediated signal transduction. Using a perfringolysin O derivative (BCtheta) that binds selectively to cholesterol in rafts without causing membrane damage (Proc. Natl. Acad. Sci. USA 98 (2001) 4926), we have investigated the effect of in vitro replicative aging of human diploid fibroblasts, TIG-1, on the distribution of plasma membrane cholesterol. The amount of BCtheta-labeled membrane cholesterol decreased during replicative aging of TIG-1 cells, whereas total cholesterol increased somewhat. The relationship was confirmed by double staining with BCtheta and senescence-associated-beta-galactosidase, a biomarker of senescent cells. Cell fractionation experiments revealed decreases in both cholesterol in rafts and a raft marker, flotillin, during replicative aging. In addition, hydroxyurea-induced prematurely senescent cells also showed a lower level of BCtheta-labeled cholesterol than untreated cells, despite maintaining the total amount of cholesterol. When TIG-1 cells were cultured in cholesterol-deficient medium, BCtheta labeling was first diminished and then premature senescence was induced. Taken together with the reduced signaling capacity of aged cells, these results suggest that plasma membrane cholesterol in raft microdomains is more sensitive to senescence than total cholesterol and is a primary target in aging.